Introduction
I~~ 2-furaldehyde (FUR) and 5-hydroxymethyl-2-furaldehyde (HMF) are recognized indicators of quality deteri-Oration of fruit juices during the heating process i.e. concentration, pasteurization or storage. HMF has been correlated with color change in fruit juices [1 ] while furfural is Widely accepted as an indicator of flavor changes [2, 3] .
Many different analytical techniques have been investigated for the determination of FUR and HME Among the different techniques available, colorimetric and chromato-gCraphic procedures are the ones most commonly used. ~ methods were used for both FUR and HMF quantification in fruit juices [1] [2] [3] [8] , and more recently, high-performance liquid chromatography. HPLC has been used in the quantitative determination of FUR and/or HMF in fruit juices and concentrates [9] [10] [11] [12] and other products [13, 6] . Generally, the presence of interfering peaks complicates the HPLC separation of FUR and HMF in fruit juice concentrates especially at low concentrations. For this reason the majority of authors recommend sample preparations such as distillation [10], extraction [14] or clarification [11] before HPLC determination. This paper is specifically concerned with the application of HPLC methods in the control and the determination of FUR and HMF formed in pasteurized apple juice and juice concentrates. It describes a rapid procedure for the extraction and quantification of FUR and HMF using a O18 column and UV detection. The HPLC method has been evaluated by complete triplicate analysis and by spiking samples.
Experimental
The chromatographic system consisted of a Waters 510 pump; a Wisp Model 712 automatic injector; a Waters Model 990 diode array detector; and a Digital 380 data station. Separations were carried out on a 250 x 4.6 mm i.d. column packed with 3 lain Spherisorb ODS-2. The mobile phase was acetonitrile/water (8 : 92) at 1 ml/min, degased with helium prior to use. The analysis was carried out by injecting 25 gl of the sample or standard into the column. Final UV detection was carried out at 280 nm. Standard solutions of FUR (Fluka Chemie) and HMF (Sigma Chemical) were prepared by dissolving their analytical grade reagents in water with 10 % of methanol.
Sample Preparation
Between 1 and 3 ml of either apple juice pasteurized at 72 ~ for 30 min or apple juice concentrate, was pipetted into a syringe and passed through the conditioned C-18 cartridge (1 ml of methanol followed by 2 ml of water).
Originals
After washing the cartridge with 0.5 ml of hexane, the furfurals were eluted with 4 m l of acetonitrile/water (20 : 80). Under these conditions, the furfural recovery up to 5 ppm was greater than 94 %. However, if furfural concentrations were greater than 5 ppm, the amount retained by the cartridge decreased, principally for HMF, and therefore a sample dilution was necessary.
Results and Discussion
For some samples such as spirits, honey or caramel [4-6], FUR and/or HMF determinations by HPLC can be carried out by direct sample injection. However, according to different authors [10, 11, 14] , other types of samples such as citrus juices, need tedious sample pretreatments in order to avoid the interferences caused by other compounds present in the sample which elute with retention times close to FUR and HME Normally, chromatographic separations were carried out by employing O18 columns and a mixture of acetonitrile-water or methanol-water as the mobile phase. Recently, Li et al. [12] have reported a new method for furfural separation in citrus juice without sample pretreatment based on its elution by a mixture of tetrahydrofuranwater (0.3 : 99.7). With the aim of developing a rapid and sensitive HPLC method for monitoring the effects of thermal treatments and storage on the apple juice and concentrate quality, we have investigated the possibility of a reversedphase separation and determination of furfurals. This was tested by the direct injection of apple juice and concentrate samples, using a Spherisorb ODS-2 stationary phase and two mobile phases: acetonitrile-water and tetrahydrofuranwater. As can be seen in Figure 1 neither of the mobile phases was adequate for the furfural separation. Variations between 5-15 % and 0.3-1% in the acetonitrile and tetrahydrofuran contents respectively yield similar chromatographic results. When major percentages of organic modifier (acetonitrile or tetrahydrofuran) were used, HMF resolution from some substances belonging to the elution front was impaired. By decreasing the percentages the elution times were excessively increased. Consequently, a sample clean-up prior to injection was necessary. In order to do this, solid-liquid extraction using C-18 cartridges is probably one of the easiest sample clean-up methods. As shown in Figure 2 for the two mobile phases employed, solid-liquid extraction greatly simplifies the separation problem. However, the chromatographic peak shape and the separation are better with the acetonitrile-water phase.
Investigations into the effect of increasing temperature showed a decrease in analysis time but also a decrease in resolution, due to the elution of other compounds near to HMF and FUR. (Figure 3) . Separation is best carried out between 25 ~ and 40 ~
Quantification and Recovery
The quantification of the furfurals was achieved by using the external standard method. Calibration plots were gem erated by repeated injections of a fixed volume (25 ILl) of standard solutions of furfurals of different concentrations, and the resulting plots were stored in the data module. A good correlation of the standards and corresponding peak areas (r = 0.999) over the range 5-20000 ppb was estab" lished. A volume of 25 gl of the apple juice or juice concentrate samples (pre-treated according to sample preparation procedure) was then injected and the amount of furfurals was obtained directly from the data module. The data module calibration was checked regularly with standard solutions.
Recovery studies were performed for a commercial pasteurized apple juice and a juice concentrate. Each furfural was spiked at three different concentrations and the results for the pasteurized juice and the juice concentrate are giver1 in Table I 
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